SON-2780 



CLEAN VERSION 



SOLID-STATE IMAGE PICKUP DEVICE AND PIXEL DEFECT TESTING 
METHOD THEREOF 

BACKGROUND OF THE INVENTION 

The present invention relates to a solid-state 
image pickup device such as a CCD image sensor, a CMOS 
image sensor or the like, and, particularly, to a pixel 
defect testing method for testing the solid-state image 
pickup device for a pixel defect. 

Solid-state image pickup devices using a CCD image 
sensor, a CMOS image sensor or the like have recently 
been drawing attention as an image input device for 
various portable terminal apparatuses, digital still 
cameras, digital video cameras and the like. 

A pixel defect can be caused in these solid-state 
image pickup devices by a local crystal defect of a 
semiconductor for realizing the solid-state image pickup 
device, or a dust, stress or the like in a manufacturing 
process for forming the solid-state image pickup device 
on a semiconductor. 

It is known that such a pixel defect occurring on a 
solid-state image pickup device results in a white dot, a 
black dot or the like in an image obtained by the solid- 
state image pickup device, thus degrading picture quality. 
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Accordingly, a pixel defect test is performed 
before shipment of the solid-state image pickup device, 
for example . 

This test uses the same method of reading pixel 
signals of all pixels as in normal use to pick up an 
image of a completely black subject at the time of 
detection of a white dot and pick up an image of a 
completely white subject at the time of detection of a 
black dot, for example. When white dots are detected in a 
completely black image, for example, and a solid-state 
image pickup device has a certain number of white dots or 
more or exhibits a certain signal level or more, the 
solid-state image pickup device is regarded as a 
defective product, and the solid-state image pickup 
device is therefore not shipped. 

In the meantime, recent solid-state image pickup 
devices are desired to have more pixels and higher 
functionality. 

Hence, when the number of pixels is further 
increased, it is expected that an enormous amount of test 
time will be required with the increase in the number of 
pixels if solid-state image pickup devices are tested by 
using the same image pickup operation as in normal use as 
described above. 
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For example, a test time required for an SVGA (1280 
X 1024 = 1.3 million pixels) solid-state image pickup 
device is about four times that required for a VGA (640 X 
480 = 0.33 million pixels) solid-state image pickup 
device . 

Further, recent solid-state image pickup devices 
are desired to have higher functionality, and it is 
therefore desired that various circuits be mounted on the 
same semiconductor substrate in addition to a pixel unit. 
A more complex test process is required for such a solid- 
state image pickup device. 

FIG. 11 shows an example of configuration of a CMOS 
image sensor. 

As shown in FIG. 11, the CMOS image sensor 
comprises: a pixel unit 110 having a plurality of unit 
pixels disposed in a two-dimensional arrangement; a 
driving circuit 111 for driving each pixel of the pixel 
unit 110; a CDS (correlated double sampling) circuit 112 
for removing noise from an output signal (hereinafter 
referred to as a pixel output signal) from the pixel 
unit; an amplifier circuit 113 for amplifying the pixel 
output signal from the CDS circuit 112; an A/D converter 
circuit 114 for converting the amplified pixel output 
signal to a digital form; a timing generator 115 for 
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generating an operating pulse for each of the circuits; 
and the like. 

When the CDS circuit 112 is tested, for example, 
processing is performed such that the pixel unit 110 and 
the driving circuit 111 are brought into a standby state 
and a signal is externally inputted to an input part of 
the CDS circuit 112 to perform the test. 

Thus, each of the circuit parts is usually tested 
in order from a later stage while circuits other than the 
circuit being tested are in a standby state. This is 
because of a problem with circuit configuration, in that 
each part cannot operate independently. In addition, this 
is also done to increase test analysis accuracy and 
improve defect coverage, or the probability of defects 
being found in a test. 

For these reasons, it is expected that an enormous 
amount of test time will be required as the number and 
complexity of circuits included in a mounted manner are 
increased with higher functionality. 

As described above, with the conventional pixel 
defect testing method, the test time is expected to be 
increased further when the solid-state image pickup 
device has more pixels and higher functionality. 

Further, test signals and a test program used for 
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the test become complicated, and therefore it becomes 
difficult to create and verify test signals and a test 
program. 

Consequently, the burden and cost required for the 
test are increased. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present 
invention to provide a solid-state image pickup device 
and a pixel defect testing method thereof that make it 
possible to perform a test for pixel defects in a short 
time . 

In order to achieve the above object, according to 
the present invention, there is provided a solid-state 
image pickup device including: a pixel unit including a 
plurality of unit pixels that perform photoelectric 
conversion; a driving circuit for driving the pixel unit 
to control an output of a pixel output signal; an output 
signal processing circuit for subjecting the pixel output 
signal outputted from the pixel unit according to the 
driving of the driving circuit to predetermined signal 
processing and outputting a resulting pixel output 
signal; a pixel defect determining circuit for capturing 
the pixel output signal outputted from the pixel unit 
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according to the driving of the driving circuit and 
determining a pixel defect by comparing the pixel output 
signal with a predetermined reference signal; and a 
timing generator for supplying a predetermined operating 
pulse to the driving circuit, the output signal 
processing circuit, and the pixel defect determining 
circuit . 

Further, according to the present invention, there 
is provided a pixel defect testing method for a solid- 
state image pickup device, the solid-state image pickup 
device including: a pixel unit including a plurality of 
unit pixels that perform photoelectric conversion; a 
driving circuit for driving the pixel unit to control 
output of a pixel output signal; an output signal 
processing circuit for subjecting the pixel output signal 
outputted from the pixel unit according to the driving of 
the driving circuit to predetermined signal processing 
and outputting a resulting pixel output signal; and a 
timing generator for supplying a predetermined operating 
pulse to the driving circuit and the output signal 
processing circuit; wherein the pixel output signal 
outputted from the pixel unit according to the driving of 
the driving circuit is captured independently of the 
output signal processing circuit, a pixel defect is 
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determined by comparing the pixel output signal with a 
predetermined reference signal, and a defect test on the 
pixel output signal outputted from the pixel unit is 
performed on the basis of an operating pulse from the 
timing generator. 

With the solid-state image pickup device and the 
pixel defect testing method of the solid-state image 
pickup device according to the present invention, the 
pixel defect determining circuit for capturing the pixel 
output signal from the pixel unit independently of the 
output signal processing circuit and determining a pixel 
defect is provided, and a defect test is performed by the 
pixel defect determining circuit. It is therefore 
possible to read out the pixel output signal under a 
higher-speed operation than at the time of normal image 
output, properly determine a pixel defect, and thus 
perform a test for a pixel defect in a short time. 

For example, the driving circuit has a function of 
performing a normal reading operation for selecting a 
pixel at a normal speed and a high-speed reading 
operation for selecting a pixel at a higher speed than 
that under the normal reading operation. The driving 
circuit selects a pixel to read out a signal under the 
high-speed reading operation in a time of testing the 
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pixel unit for a defect. Alternatively, the driving 
circuit has a function of performing a normal reading 
operation for selecting pixels by one pixel or a pixel 
column or a pixel row and a multi-pixel reading operation 
for selecting more pixels than that under the normal 
reading operation. The driving circuit selects pixels to 
read out a signal under the mult i -pixel reading operation 
in a time of testing the pixel unit for a defect. Further, 
the driving circuit has a function of performing a normal 
reading operation for selecting, pixels by one pixel or a 
pixel column or a pixel row and a multi-pixel high-speed 
reading operation for selecting more pixels than that 
under the normal reading operation at a higher speed than 
that under the normal reading operation. The driving 
circuit selects pixels to read out a signal under the 
multi-pixel high-speed reading operation in a time of 
testing the pixel unit for a defect. 

The pixel output signal read out more rapidly than 
normal is subjected to rapid determination processing by 
a simple comparing calculation by the special determining 
circuit, and thereby a test for pixel defects can be 
performed in a short time. 

As described above, the solid-state image pickup 
device according to the present invention is provided 
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with the pixel defect determining circuit for capturing 
the pixel output signal from the pixel unit independently 
of the output signal processing circuit and determining a 
pixel defect, and a defect test is performed by the pixel 
defect determining circuit. It is therefore possible to 
read out the pixel output signal under a higher- speed 
operation than in the time of normal image output, 
properly determine a pixel defect, and thus perform a 
test for a pixel defect in a short time. 

With the semiconductor devices, camera apparatus, 
communication apparatus, and image processing apparatus 
using such a solid-state image pickup device, it is 
similarly possible to read out the pixel output signal 
under a higher- speed operation than at the time of normal 
image output, properly determine a pixel defect, and thus 
perform a test for a pixel defect in a short time. 

Similarly, the pixel defect testing method of the 
solid-state image pickup device according to the present 
invention captures the pixel output signal from the pixel 
unit independently of the output signal processing 
circuit, determines a pixel defect, and performs a defect 
test. It is therefore possible to read the pixel output 
signal a under higher-speed operation than at the time of 
normal image output, properly determine a pixel defect, 
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and thus perform a test for a pixel defect in a short 
time . 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing an example of a 
configuration of a solid-state image pickup device (CMOS 
image sensor) according to an embodiment of the present 
invention; 

FIG. 2 is a diagram of assistance in explaining an 
example of a pixel output signal of the CMOS image sensor 
shown in FIG. 1; 

FIG. 3 is a block diagram showing an example of a 
configuration of a pixel defect determining circuit of 
the CMOS image sensor shown in FIG. 1; 

FIG. 4 is a timing chart of an example of operation 
of the pixel defect determining circuit of the CMOS image 
sensor shown in FIG. 1; 

FIG. 5 is a flowchart of an example of operation 
for testing circuits of the CMOS image sensor shown in 
FIG. 1 in parallel; 

FIG. 6 is a block diagram showing a somewhat 
concrete example of a pixel unit and a driving circuit of 
the CMOS image sensor shown in FIG. 1; 

FIG. 7 is a block diagram showing a concrete 
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example of a configuration of a vertical driving circuit 
shown in FIG. 6; 

FIG. 8 is a timing chart of an example of operation 
of the vertical driving circuit shown in FIG. 7; 

FIG. 9A and 9B are timing charts of another example 
of operation of the vertical driving circuit shown in FIG. 
7; 

FIG. 10 is a timing chart of a further example of 
operation of the vertical driving circuit shown in FIG. 
7 ; and 

FIG. 11 is a block diagram showing an example of a 
configuration of a conventional solid-state image pickup 
device (CMOS image sensor) . 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

A preferred embodiment of a solid-state image 
pickup device and a pixel defect testing method therefor 
according to the present invention will hereinafter be 
described. 

The present embodiment enables pixel defect testing 
of the solid-state image pickup device in a short time by 
combining a driving circuit capable of making various 
pixel selections for a pixel unit of the solid-state 
image pickup device and a determining circuit for 
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determining a fault, such as a pixel defect, from a 
signal of the selected pixel on a semiconductor chip 
having the solid-state image pickup device. 

FIG. 1 is a block diagram showing an example of a 
configuration of the solid-state image pickup device 
according to the embodiment of the present invention. 

The solid-state image pickup device in this example 
is formed as a CMOS image sensor. The solid-state image 
pickup device comprises: a pixel unit 10 having a 
plurality of unit pixels disposed in a two-dimensional 
arrangement; a driving circuit 11 for driving each pixel 
of the pixel unit 10; a CDS (correlated double sampling) 
circuit (output signal processing circuit) 12 for 
removing noise from a pixel output signal outputted by 
the pixel unit 10; an amplifier circuit 13 for amplifying 
the pixel output signal outputted from the CDS circuit 
12; an A/D converter circuit 14 for converting the signal 
amplified by the amplifier circuit 13 to a digital form; 
a pixel defect determining circuit 15 for determining a 
pixel defect from the pixel output signal; switches 
(selecting circuit) 16 and 17 for selecting an output; a 
timing generator 18 for generating an operating pulse for 
each of the circuits; and the like. 

FIG. 2 is a diagram of assistance in explaining an 
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example of the pixel output signal of the CMOS image 
sensor shown in FIG. 1. 

A pixel output signal at the time of normal output 
includes noise, such as reset noise, amplifier noise and 
the like. Therefore, a reset signal of only noise (a 
pixel output signal at the time of reset) is read out 
first, then a pixel signal including noise (a pixel 
output signal at the time of image pickup) is read out, 
and a difference between the reset signal and the pixel 
signal is outputted, whereby a signal without noise is 
obtained. 

The CDS circuit 12 performs this difference 
calculation and then outputs a signal obtained by holding 
a result of the calculation (hereinafter referred to as a 
CDS output signal) . 

When an image of a completely white subject is 
picked up, for example, the difference between the reset 
signal and the pixel signal is large, thus resulting in a 
high signal level of the CDS output signal. When an image 
of a completely black subject is picked up, the 
difference between the reset signal and the pixel signal 
is small, and thus the signal level of the CDS output 
signal should be substantially zero. 

Since the level of the reset signal varies for each 
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pixel or each reading, this difference calculation needs 
to be performed at the time of reading each pixel . 

When a completely white image is picked up, the 
signal level of the CDS output signal of a pixel with a 
black dot defect, for example, is smaller than that of 
the CDS output signal of a normal pixel. Similarly, when 
a completely black image is picked up, the signal level 
of the CDS output signal of a pixel with a white dot 
defect is higher than that of the CDS output signal of a 
normal pixel. 

A method of determining a pixel defect from such a 
pixel output signal from the pixel unit 10 in this 
example will be described in the following. 

The switch 16 and the switch 17 in FIG. 1 are both 
turned to an A terminal side at the time of a defect test. 
At the time of normal reading, the switch 16 is turned to 
a B terminal side, and the switch 17 is used in a non- 
conducting state. 

The driving circuit 11 can carry out various 
driving methods, such as selecting and driving each pixel 
of the pixel unit 10 at a high speed, and selecting and 
driving a plurality of pixels collectively. Such various 
driving methods are carried out by inputting a driving 
pulse generated by the timing generator 18 to the driving 
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circuit 11 and inputting a pixel driving pulse from the 
driving circuit 11 to a pixel.' 

At the time of a defect test, a pixel output signal 
is inputted to the pixel defect determining circuit 15 by- 
turning the switches 16 and 17 as described above. When 
an abnormal pixel output signal resulting from a 
defective pixel is inputted, the pixel defect determining 
circuit 15 sets a flag of a pixel defect determination 
result signal so that a solid-state image pickup device 
with a pixel defect can be distinguished at the time of 
the defect test. 

FIG. 3 is a block diagram showing an example of a 
configuration of the pixel defect determining circuit 15. 

As shown in FIG. 3, the pixel defect determining 
circuit 15 comprises a testing CDS circuit 20 in a 
preceding stage and a testing comparator circuit 3 0 for 
receiving an output from the testing CDS circuit 20 and 
comparing the output with a defect determining threshold 
value . 

The testing CDS circuit 20 comprises an input 
amplifier 21, capacitors 22 and 23, and transistors 24 
and 25. As with the CDS circuit 12 in normal image pickup, 
the testing CDS circuit 20 receives a pixel output signal, 
obtains a difference between a reset signal and a pixel 
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signal, and then provides a testing CDS output signal 
without noise. 

The testing comparator circuit 30 comprises a 
comparator 31 and a D-type flip-flop 32. The testing 
comparator circuit 30 determines whether a pixel is 
defective or not by comparing the testing CDS output 
signal from the testing CDS circuit 20 with a 
predetermined threshold value (defect determining 
threshold value) by the comparator 31, and then outputs 
the result as a pixel defect determination result signal. 

Incidentally, since the testing CDS circuit 20 is 
intended for detection of a defective pixel in image 
pickup with a distinct brightness difference, such as 
detection of a white dot when a completely black image is 
picked up or detection of a black dot when a completely 
white image is picked up, detection accuracy as of the 
CDS circuit 12 used in normal image pickup is not 
required of the testing CDS circuit 20. 

FIG. 4 is a timing chart of an example of operation 
of the pixel defect determining circuit 15. 

A reset signal part of a pixel output signal is 
adjusted to a clamping voltage in an "Hi" period of a 
clamping pulse 0S1 to the clamping transistor 24 
(indicated by a in FIG. 4) , and a pixel signal part of 
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the pixel output signal is sampled in an "Hi" period of a 
sampling pulse 0 S2 to the sampling transistor 25. 

While holding the sampled signal (during a "Lo" 
period of 4>S2), the testing CDS circuit 20 outputs a 
testing CDS output signal. The D-type flip-flop 32 in an 
output part of the testing comparator circuit 30 latches 
a result of comparison between the testing CDS output 
signal and the defect determining threshold value in 
timing of a test pulse CK, and thus outputs a pixel 
defect determination signal. 

FIG. 4 shows an example of detection of a white dot 
defect pixel in picking up a completely black image. For 
a normal pixel output signal, the pixel defect 
determination signal is "Hi," whereas for a white dot 
defective pixel, the pixel defect determination signal is 
"Lo. " 

At the time of detection of a defective pixel, the 
timing generator 18 outputs pixel defect determining 
pulses, such as the pulses 0S1, $S2, and $CK. When 
testing pulses are outputted to the CDS circuit 12, the 
amplifier circuit 13, and the A/D converter circuit 14 
together with the pixel defect determining pulses, the 
circuits can be tested simultaneously with the test for a 
defective pixel. 
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Further, when the timing generator 18 itself has a 
part for generating the pixel defect determining pulses 
divided from a timing generating unit and a register for 
storing various settings for use in normal image pickup 
operation so that the parts can be tested independently 
of each other, the test time is further shortened. 

FIG. 5 is a flowchart of an example of operation 
for testing the circuits of the solid-state image pickup 
device in parallel. 

At a start of the test, a chip DC test is performed 
(step Sll) . This test performs checks of the static 
characteristics of the solid-state image pickup device 
such as, for example, checks for open defects and short- 
defects of the power supply terminals and signal 
terminals of the chip and checks of the static power 
supply current . 

Thereafter, connections between the circuits are 
checked by inputting a predetermined signal to the solid- 
state image pickup device and observing the output (step 
S12) . 

AC tests on the circuits are then performed in 
parallel (steps S13 to S15) . 

The AC tests perform checks of the dynamic 
characteristics, such as checks of the functions of the 
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circuits. For example, the AC test on the pixel unit 10 
checks for a defective pixel as described above. The AC 
test on the CDS circuit 12 checks the noise removal of 
correlated double sampling and the like by supplying a 
CDS test signal to the input. 

It is to be noted that while AC tests other than 
those on the pixel unit 10 , the CDS circuit 12, and the 
amplifier circuit 13 are omitted in FIG. 5, various 
parallel combinations can be selected according to the 
circuits mounted in. 

Finally, a chip AC test is performed as a 
functional check of the solid-state image pickup device 
as a whole (step S16) . 

Another embodiment of the present invention will 
next be described. 

FIG. 6 is a block diagram showing an example of a 
pixel unit 10 comprising two-dimensionally arranged 4X4 
unit pixels and a driving circuit 11. Incidentally, 640 
X 480 unit pixels are arranged in VGA. 

Because the pixel unit 10 is in the two-dimensional 
arrangement, the driving circuit 11 comprises two driving 
circuits, that is, a vertical driving circuit 11A and a 
horizontal driving circuit 11B. The vertical driving 
circuit 11A and the horizontal driving circuit 11B are 
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supplied with testing pulses </>CKX, $ST1, and 4>ST2 from a 
timing generator 18, and outputs pixel driving pulses of 
<£An and <& Bn (n is a positive integer) to the pixel unit. 

In selecting a pixel at a position X in FIG. 6, for 
example, it suffices to output pixel driving pulses from 
both <f>A2 and <£B3. 

FIG. 7 shows a concrete example of a configuration 
of the vertical driving circuit 11A. 

The driving circuit 11A comprises driving scanners 
corresponding to pixel rows and pixel columns. The 
driving of the driving scanners is controlled by the 
operating clock 0CKX. Also, </)STl provides timing of a 
start of pixel driving pulses outputted by the driving 
circuit 11A. 

Incidentally, the horizontal driving circuit 11B 
has a similar configuration, and therefore a description 
of the driving circuit 11B will be omitted. 

FIG. 8 is a timing chart of an example of operation 
of the vertical driving circuit 11A shown in FIG. 7. As 
shown in FIG. 8, after <b ST1 is inputted, pixel driving 
pulses $A1, 0A2, ... are outputted in order in 
synchronism with <£CKX. 

A pixel output signal varies according to an amount 
of light incident on the pixel unit 10, and also varies 
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according to a length between a time of selection for 
output of a pixel and a time of next selection (charge 
accumulation time) . However, a test with a distinct 
brightness difference, such as the pixel defect test as 
described above, can properly detect an abnormal pixel 
even when the charge accumulation time is somewhat 
shorter . 

The charge accumulation time can be readily varied 
by changing the driving pulse CK inputted from the 
timing generator 18 to the driving circuit 11A in FIG. 7. 
Therefore, the time for the pixel defect test can be 
shortened by making <$> CKX at the time of the test shorter 
than at the time of normal reading, as shown in FIG. 9A 
and 9B, for example. 

Further, by inputting the driving pulse 0 ST1 in 
FIG. 7 a plurality of times, a plurality of pixels can be 
selected simultaneously, and by changing the defect 
determining threshold value of the pixel defect 
determining circuit 15 accordingly, the plurality of 
pixels can be tested for defects simultaneously. It is 
thus possible to further shorten the time for the pixel 
defect test. FIG. 10 is a timing chart of an example of 
this operation. 

As described above, the present embodiment can 
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shorten the test time when a solid-state image pickup 
device is tested for pixel defects. 

Specifically, since the pixel unit and other 
circuits mounted therewith in the solid-state image 
pickup device can be tested simultaneously, the time for 
testing the solid-state image pickup device as a whole 
can be shortened, thereby contributing to a reduction in 
cost of the solid-state image pickup device. 

Also, since the pixel unit can be tested 
independently, a testing program can be created 
independently of the other mounted circuits. Therefore, a 
period of preparation for the test can be shortened 
because a past testing program is easily applied to 
facilitate the creation of the testing program. 

In addition, since the pixel unit can be tested 
independently, it is possible to perform a minute test in 
a short time and improve fault coverage and fault 
analysis accuracy. 

Further, by generating testing pulses by means of 
the timing generator, it is possible to perform a pixel 
test on the solid-state image pickup device without 
preparing an external special tester. Since the special 
tester for pixel tests does not need to be prepared, the 
amount of investment can be reduced. 
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It is to be noted that while the present invention 
is primarily applied to a CMOS image sensor in the 
examples described above, the present invention is not 
limited to this. With a CCD image sensor, it is similarly 
possible to shorten the test time and improve efficiency 
by providing a determining circuit for pixel defect 
testing independently of an output signal processing 
circuit used at the time of normal output. 

Also, the present invention is not limited to a 
discrete solid-state image pickup device, and may be 
applied to devices formed as various semiconductor 
devices by mixing another circuit component having a 
function of other than an image pickup device on the same 
chip . 

Further, the present invention is applicable to 
various camera apparatuses (digital video cameras and 
digital still cameras) formed with an solid-state image 
pickup device as described above as an image pickup unit, 
various communication apparatuses having a function of 
communicating image pickup signals of a solid-state image 
pickup device by radio or wire, and various image 
processing apparatuses having the functions of editing 
and processing picked-up images for output. The present 
invention covers these semiconductor devices, camera 

23 



SON-2780 



CLEAN VERSION 



apparatuses, communication apparatuses (including 
portable apparatuses), and image processing apparatuses. 

The present invention is not limited to the details 
of the above described preferred embodiments. The scope 
of the invention is defined by the appended claims and 
all changes and modifications as fall within the 
equivalence of the scope of the claims are therefore to 
be embraced by the invention. 



24 



